A b s t r a c t. Perennial energy crops are a source of the biomass used to generate energy. The aim of this study was to determine the chemical and thermophysical parameters of short rotation woody crops (black locust, poplar and willow), depending on soil enrichment practice (mineral fertilisation, lignin and mycorrhiza), in three-and four-year harvest cycles. In the study, the thermophysical properties and elemental composition of the biomass were determined. All analyses were performed in triplicate according to the standards. The fresh black locust biomass had the lowest moisture content, which resulted in the best lower heating value (10.16 MJ kg -1
INTRODUCTION
Instability in the global fossil fuels markets, the need to reduce greenhouse gas emissions, as well as a greater environmental awareness, in recent years have resulted in a rapid development of renewable energy sources (RES). The most important of these is the biomass used to generate bioenergy, which provides 10% of the world primary energy supply (IEA, 2016) . Bioenergy accounts for up to two-thirds of all RES in Europe, and it grows at a rate similar to that of all the other sources combined (AEBIOM, 2015) . Another consequence of this is an increased scientific interest in lignocellulosis biomass, resulting in abundant literature on the subject (Mitsui et al., 2010; Weger et al., 2013; Sabatti et al., 2014; Manzone et al., 2015; Stolarski et al., 2015b; Matyka and Kuś, 2016) .
Perennial energy crops are among the sources of the biomass used to generate energy. These include crops grown as short rotation (SRCs), short rotation woody crops (SRWCs), and, in some cases, short rotation forestry (SRF) (Slade et al., 2011) . Fast-growing woody species, such as willow, poplar or black locust are attractive sources of renewable energy, and are grown mostly in a short rotation system, i.e. in a harvesting rotation period of 1-7 years (Di Muzio Pasta et al., 2007) . SRWCs have some obvious advantages over food crops, namely, smaller requirements related to soil quality or to fertilisation, and they do not require intensive protection against agrophages (Njakou Djomo et al., 2013) . Furthermore, such crops bring a number of environmental benefits, e.g. they improve soil properties, reduce soil erosion and sequester soil organic carbon (Blanco-Canqui, 2010) . However, it must be emphasised that perennial energy crops are grown mainly with a view to obtaining renewable energy. SRWCs biomass can be used traditionally to produce heat and electricity by combustion or gasification, and,-owing to their rich chemical composition -has enormous potential in the chemical industry (Krzyżaniak et al., 2014) .
Plantations of SRWCs should be run in such a way as to achieve not only high but also good quality of biomass yield in order to obtain energy, environmental and economic benefits. Wood contains about 50% of carbon, 44% of oxygen and 6% of hydrogen, along with a relatively small amount of sulphur and nitrogen (Fengel and Wegener, 1989) . In addition, biomass quality is also determined by its higher heating value (HHV), lower heating value (LHV), moisture and ash content. The effect of fertilisation on the amount of biomass, the energy value of biomass and its being one of the factors affecting the energy efficiency of SRWCs has been examined in numerous studies (Njakou Djomo et al., 2015; Stolarski et al., 2015b) . However, as has been mentioned before, the yield quality, which can be affected by fertilisation, is also important. Therefore, the aim of this study was to determine the chemical and thermophysical parameters of SRWCs of black locust, poplar and willow, depending on the soil enrichment practice applied.
MATERIALS AND METHODS
This study was based on a three-factorial field trial run in the years 2010-2013 at the Educational and Research Station in Łężany belonging to the University of Warmia and Mazury in Olsztyn. The soil used was of a low usability for conventional food or fodder crops production. The experiment was set up in brunic arenosol (Dystric) soil formed from sand. There was slightly loamy sand in the A horizon (topsoil) (0-21 cm) and in the Bv horizon (21-41 cm), and sand in the bedrock horizon C (41-150 cm). The content of clay fraction (Ø<0.002 mm) in the different soil horizons did not exceed 2%. The soil was periodically too dry, and the level of underground water was much below 150 cm. The soil pH was neutral-to-alkaline (pH KCl 6.3-7.9).
The experiment was established in a split-plot design. Three plant species were the first experiment factor; (A) species black locust (Robinia pseudoacacia), poplar Populus nigra x P. Maximowiczii Henry cv. Max-5 and willow of the Salix viminalis; planted at the density of 11.11 thousand per ha. The second experimental factor (B) was the method of soil enrichment, which used lignin, mineral fertilisation, mycorrhiza inoculation and no soil enrichment (control plot). The third experimental factor (C) was the harvest cycle: three-or four-year.
Lignin (13.3 Mg ha -1 ) was scattered on the soil surface with a trailer fertiliser spreader in spring 2010, before the experiment was set up. Live mycorrhizal mycelium (30-35 cm 3 under each plant) was applied with a manual applicator in early September 2010. Mineral fertilisers (N, P, K: 90, 13, and 50 kg ha -1 , respectively) were spread by hand before and on the beginning of the second growing season (2011).
All growing periods (April-October) from 2010 to 2013 were warmer than the multi-year period (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) by 0.2 to 0.9°C, except 2012, when the temperature was the same as in 1998-2007 (13.5ºC) . The amount of rainfall in 2010 was higher than the multi-year average both during the whole year (752 mm) and during the vegetation period (527 mm). However, its distribution was uneven, because low rainfall in April 2010 (17 mm) had a particularly negative effect on how well the seedlings of black locust took root. The total rainfall in subsequent growing periods (447-613 mm) were rather beneficial for the plant growth. Detailed information on setting up and running the experiment is provided in the paper by Stolarski et al. (2015b) .
In December 2012 and 2013, three-and four-year old coppices were felled from the different soil enrichment methods and the control plot. The plants were cut down with a chain saw (Makita DCS520), 5-10 cm above the ground level. Then, the whole shoots with branches were chipped with a Junkkari HJ 10 G (Junkkari) chipper. While chipping shoots, approx. 5 kg biomass samples (packed in foil bags) for each method of soil enrichment were taken for laboratory analyses.
Biomass samples delivered from field trials were mixed and laboratory samples were isolated for analyses. The thermophysical and chemical properties of each species were determined in each year in three replications: moisture content with the oven-dry method (ISO 18134-1:2015) ; higher heating value (HHV) with the dynamic method (ISO 1928 (ISO :2009 ; the lower heating value (LHV) of biomass calculated according to Kopetz et al. (2007) ; volatile matter, fixed carbon and ash in the thermogravimetric analyser according to ISO 18122:2015; the carbon, hydrogen and sulphur content in the dry biomass determined via an automatic analyser (ISO 16948:2015 and 16994:2015) ; the nitrogen content determined by the Kjeldahl method. The detailed methodology of laboratory analyses is described in Stolarski et al. (2016) .
A three-way analysis of variance was performed to examine the fixed effects of species (factor A), soil enrichment (factor B), harvest cycle (factor C), and their interactions. The Tukey (HSD) multiple test (at p<0.05) was used to determine homogeneous groups for the examined features.
The Principal Component Analysis (PCA) was performed to assess the chemical parameters of the biomass. The diagram of the Component Scores for the first two PCs (F1 and F2) was presented as a biplot. The data were analysed statistically using the STATISTICA 12 PL software.
RESULTS AND DISCUSSION
The thermophysical and chemical properties of the biomass under analysis varied with respect to the analysed factors and their interactions ( Table 1 ). The differences in the parameters under study were considered significant at the 0.01 level.
The moisture content in the biomass was significantly differentiated by species, harvest cycle and interaction between these factors, but soil enrichment was insignificant ( Table 2 ). The lowest moisture content (MC) was found in the black locust biomass in a four-year harvest cycle (on average 42.09%), and it was significantly lower than in the three-year cycle by about 4.89 p.p. The poplar biomass had the highest MC and this parameter was significantly lower in the three-year than in the four-year cycle (2.77 p.p. less on average). For the willow, the harvest cycle did not have a significant effect on MC. Similar levels of MC were found in the black locust, poplar and willow biomass after the second year of growth (Stolarski et al., 2013a) . It has been shown in other studies that biomass MC also depends on harvest time and harvest conditions (Stolarski et al., 2013b) . A relatively low MC of black locust (40%) was obtained in the warmer climate conditions of Italy (Gasol et al., 2010) . However, the willow 
Ta b l e 2. Moisture and ash content in SRWCs biomass

Species (A) Soil enrichment (B)
Harvest cycle (C) biomass has a higher MC, which is usually about 50%, as in this study (Mitsui et al., 2010; Krzyżaniak et al., 2014) . On the other hand, MC in the poplar biomass can exceed 60% (Sabatti et al., 2014) . With regard to ash content, all experimental factors differentiated the parameter significantly ( Table 2 ). The lowest ash content was found in the willow biomass on the plot where mycorrhiza was used and the plants were grown in a four-year rotation cycle (1.15% d.m.). A combination of lignin fertilisation in a three-year rotation cycle proved to be the best for black locust, and it was almost equal to the control (only 0.01 p.p. difference). The highest ash content was found for the poplar biomass (1.80% d.m. on average). The lowest ash content was found in the biomass of this species on the control plot in the four-year rotation cycle (1.61%). This was 0.14 p.p. lower than in the best option with fertilisation (1.75% d.m. in the mineral fertilisation object). The highest ash content in the poplar biomass was found on the plot with lignin, which increased the ash content by about 24% as compared to the control The differences in ash content in the black locust, poplar and willow biomass on plots with soil enrichment as compared to the control ranged from -1 to 23, 6 to 24, and -13 to 2%, respectively. In the previous study, the mean ash content in the black locust, poplar and willow biomass harvested in the two-year rotation cycle were higher than in this study by 0.62, 0.21 and 0.23 p.p., respectively (Stolarski et al., 2013a) . Straker et al. (2015) reviewed the existing literature and reported that ash content in the black locust biomass can range widely (0.17-2.2% d.m.). The ash content in the poplar biomass in the two-year harvest rotation cycle also varied highly (0.98-3.12% d.m.) depending on the genotype (Sabatti et al., 2014) . Furthermore, in a study of different clones of willow harvested in the three-year rotation cycle, Krzyżaniak et al. (2014) found differences in the ash content to be smaller (1.04-1.60% d.m.).
The SRWCs biomass can contain several times less ash than the straw or grass biomass (Greenhalf et al., 2012; Lalak et al., 2016) . Still, compared to coal, ash content in woody biomass can be up to a dozen times lower (Bowen and Irwin, 2008; Dincer and Zamfirescu, 2014) . This results in higher proportions of energy obtained from this fuel, and the remaining ash which meets the quality standards can be used as valuable soil enrichment (Freire et al., 2015) . With regard to the HHV, only the harvest cycle did not have a significant impact on the results. The differences resulting from soil enrichment were significant in all species. The highest HHVs were found for the poplar biomass in the four-year harvest cycle (on average, 19.93 MJ kg -1 d.m.) (Table 3) . Fertilisation did not affect HHV in this species in the four-year harvest rotation cycle, but the highest levels in the three-year harvest cycle were found on the plots with mineral fertilisation and mycorrhiza. Significantly lower HHVs were found for the willow biomass -on average from 0.19 to 0.37 MJ kg -1 d.m. less than the poplar biomass in the three-year and four-year harvest cycle, respectively. The significantly lowest HHVs were found in the black locust biomass. The lowest HHV in this species was determined on the plot with lignin in the four-year harvest cycle (19.22 MJ kg -1 d.m). Differences in HHVs for the black locust, poplar and willow biomass on plots with soil enrichment, compared to the control plots, ranged from -0.3 to 0.8; -0.03 to 1, and -0.8 to 0.2%, respectively.
In contrast, the opposite inter-species differences were observed in the LHVs, when compared to HHVs, which can be attributed to the moisture content in the biomass. Therefore, the black locust biomass had the highest LHVs among the species under study in both rotation cycle options (9.17 and 10.16 MJ kg -1 on average) ( Table 3 ). The highest LHV in this species was found on the plot with mineral fertilisation in the four-year rotation cycle (10.27 MJ kg -1 ). Significantly lower LHVs were found for the willow biomass. The biomass in the control plots had the highest LHVs in both rotation options. With regard to the plots with fertilisation, the best plot was the one where mineral fertilisation was applied, in which the LHV in the four-year harvest cycle was as high as in the control (8.51 MJ kg -1 ). Furthermore, the poplar biomass had the significantly lowest LHVs in both harvest cycles. In contrast to black locust, the poplar biomass in the four-year rotation cycle had significantly lower LHVs than in the three-year rotation cycle.
HHVs and LHVs of fresh biomass as found in this study are typical of the species under analysis and are close to the findings of other studies (Krzyżaniak et al., 2014; Sabatti et al., 2014; Stolarski et al., 2013a) . It is especially important that LHV should be as high as possible when energy from biomass is generated in the thermal conversion process. This parameter can be increased by storing fresh biomass under conditions which help to decrease the moisture content, because in wet biomass energy produced by combustion is consumed in evaporating moisture from the material, thus reducing the usable energy available or the LHV (Acquah et al., 2015) . It was shown in a different study that extending the period of the willow biomass storage in bales resulted in a decrease in the moisture content from 53.60% in January to 17.48% in September. Furthermore, the LHV increased during this period from 7.75 to 15.65 MJ kg -1 (Stolarski et al., 2015a) . However, the values were comparable only to low-quality coal (Dincer and Zamfirescu, 2014) .
As with HHV, volatile matter content was not differentiated significantly by the harvest cycle alone; the other factors and interactions between these were significant for the parameter. The significantly highest volatile matter (VM) content was found in the willow biomass (Table 4) . Within this species, the highest VM content was found in biomass grown in objects with mycorrhizal inoculation and lignin application in the four-year harvest cycle (79.84, 79.83% d.m., respectively). Slightly lower values of the parameter were found for the black locust biomass, and the highest value was found for plots with lignin fertilisation in both harvest cycles (78.54 and 78.98% d.m.). The significantly lowest VM content was found in the poplar biomass. In all of the plots where the soil was enriched, the biomass of the species in the three-year harvest cycle contained lower values of volatile matter compared to the control. The content of this parameter was higher in all of the plots where soil was enriched and where the crops were grown in the four-year rotation cycle -a maximum of 77.77% d.m. on the plot with mycorrhizal inoculation. The differences in the VM content in the black locust, poplar and willow biomass on plots where soil was enriched, compared to the control plots, ranged from -0.8 to 1.6, -0.9 to 0.9, and -0.7 to 0.7%, respectively. The volatile matter content in black locust, poplar and willow were slightly higher in this study than in the previous study in a two-year harvest cycle (Stolarski et al., 2013a) . According to the findings of other studies, volatile matter content in biomass (in most cases) is between 70 and 80%. This is 2 to 4 times higher compared to coal, and the parameter is significant because it determines how easily biomass can be gasified (Jameel et al., 2010) .
On the other hand, fixed carbon content was significantly affected by all of the experimental factors and interactions between them. The significantly highest level of this parameter was found in the black locust biomass on the plot where micorrhizal inoculation was applied, as well as for poplar in the control (21.29% d.m.), both of these in the four-year harvest cycle (Table 4 ). The lowest mean values of fixed carbon were found in the willow biomass, regardless of the harvest cycle. The lowest value of this parameter in all the species was also found in the willow biomass (18.95% d.m.) on the plot where lignin was applied in the four-year harvest cycle. This is an opposite effect of lignin on the fixed carbon content in the willow biomass to that demonstrated in the two-year cycle, where the level of the parameter (20.70% d.m.) was the most beneficial to the plot with this type of soil enrichment (Stolarski et al., 2013a) . In contrast, only small differences in the fixed carbon content were observed in the other species compared to the study. Furthermore, the differences in the fixed carbon content in black locust, poplar and the willow biomass on plots where soil was enriched, compared to the control plots, were -6.5 to 2.3, -4 to 2.8, and -2.8 to 2.9%, respectively.
Ta b l e 3. Higher heating value and lower heating value in SRWCs biomass
Species (A) Soil enrichment (B)
Harvest cycle (C) The elemental composition of the biomass of the species under study was differentiated significantly by all the experimental factors and interactions between them, except for sulphur, whose content was not significantly affected by soil enrichment (Tables 5 and 6 ).
The significantly highest carbon content was found in the poplar biomass, regardless of the harvest cycle (Table 5 ). The highest carbon content in this species was found in the biomass on the plot fertilised by lignin in both harvest cycles (52.34 and 51.55% d.m.). Significantly lower values of the element were found in willow biomass, and the highest C content was found on the plot with mineral fertilisation in the three-year harvest cycle (51.25% d.m.). All of the soil enrichment practices caused a significant increase in the carbon content in the willow biomass in the three-year harvest cycle, whereas the opposite effect was observed in the four-year cycle.
On the other hand, black locust contained the significantly lowest carbon content (50.11 and 49.80% d.m., on average). As in poplar, the highest carbon content in the three-year harvest cycle was found in biomass on the plot where lignin was used as a fertiliser, whereas the highest carbon values in the four-year harvest cycle were found in biomass harvested in the control plot and in that where mycorrhizal inoculation was applied (50.07 and 50.06% d.m., respectively).
The differences in carbon content in the black locust, poplar and willow biomass on plots where soil enrichment was applied, compared to the control plots, were -2.3 to 0.004, -0.8 to 1.2, and -1.3 to 1.6%, respectively. A similar carbon content in the willow biomass in the three and four-year rotation cycle has been found in earlier studies (Krzyżaniak et al., 2014; Stolarski et al., 2013b) . Furthermore, the willow, black locust and poplar biomass in the two-year cycle contained higher levels of the element, by 0.3, 0.7 and 0.8 p.p. d.m. more in the three-year harvest cycle, and by 0.45, 1.01 and 1.69 p.p. d.m., in the four-year, respectively (Stolarski et al., 2013a) . Together, oxygen and carbon are the main biomass components which affect the HHV (Obernberger et al., 2006) . The SRWCs biomass contains from approx. 1.5 to 12 p.p. more C than other types of biomass , but approx. 13 p.p. less than bituminous coal (Cuiping et al., 2004) and as much as 35-47 p.p. less than anthracite (Bowen and Irwin, 2008) .
The highest hydrogen content was found in the biomass of all the species in the three-year harvest cycle (Table 5) . The highest H value was found in the black locust biomass
Ta b l e 4. Volatile matter and fixed carbon content in SRWC biomass
Species (A) Soil enrichment (B)
Harvest cycle (C) (6.19% d.m., on average), and the highest hydrogen content in this species was found on the plot fertilised with lignin (6.37% d.m.). The same effect was observed for poplar, where the highest hydrogen content was found in the biomass fertilised with lignin. The figure is, however, significantly lower than for black locust (0.15 p.p. lower). The significantly lowest H values in the three-year harvest cycle were found in the willow biomass (6.10% d.m. on average). Contrarily, the willow biomass in the four-year harvest cycle contained the highest values of hydrogen. Except for the control, where the value of this parameter was the highest, in the four-year cycle the significantly highest H content of all the soil enrichment options was found in the biomass harvested on the plots fertilised with lignin, both for willow and poplar (5.90 and 5.91% d.m., respectively). With regard to black locust, the highest hydrogen content was found in the biomass harvested on the plot where mycorrhizal inoculation was applied (6.03% d.m.). The differences in the H content in the black locust, poplar and willow biomass on plots where soil enrichment was applied, in comparison with the control plots, were -5.2 to 3.6, -1.1 to 4, and -3.3 to 3%, respectively. The hydrogen content in the biomass of the species under study in the two-year harvest cycle was similar to that in the three-year cycle (Stolarski et al., 2013a) . Like oxygen and carbon, hydrogen is an important component of biomass, which also affects the energy value due to the formation of water (Obernberger et al., 2006) . SRWCs contains about 0.07-1.31 p.p. more H than other biomass sources and about 3 p.p. more than bituminous coal (Cuiping et al., 2004) . The highest sulphur content was found in black locust regardless of the harvest cycle. In the three-year harvest cycle, they were nearly twice as high as in poplar and willow (Table 6 ).The significantly highest sulphur content in this species was found in the biomass harvested on the plot with mineral fertilisation (0.047 and 0.052% d.m.). It is noteworthy that the S content did not increase as compared to the control only in the lignin and mycorrhiza option in the four-year harvest cycle; on the contrary, it dropped (by 0.016 and 0.005 p.p., respectively). In the other options, the differences in the content of this element in the black locust biomass was significantly higher. The average S content in the poplar and willow biomass was similar, and they were in the same homogeneous group regardless of the harvest cycle. However, except for the plots with lignin and mineral fertilisation in the four-year harvest cycle for poplar (an increase in the S content by 0.005 p.p., in both objects),
Ta b l e 5. C and H content in SRWC biomass
Species (A) Soil enrichment (B)
Harvest cycle (C) the S content in biomass harvested on the other plots was lower compared to the control, from 0.001 to 0.003 p.p. for poplar and from 0.003 to 0.009 p.p. for the willow biomass. The lowest S value in the willow biomass was found in the biomass obtained on the plots with mineral fertilisation, in contrast to poplar and black locust, where the S level was the highest on the plot with this soil enrichment option. The differences in the S content in the black locust, poplar and willow biomass on plots with soil enrichment, compared to the control plots, were -55 to 44, -14 to 23, and -47 to -17%, respectively. Compared to other research based on a two-year harvest cycle, the S content in the black locust, poplar and willow biomass in this study was lower by 0.021-0.026, 0.008-0.01 and 0.008-0.009 p.p., respectively (Stolarski et al., 2013a) . The aforementioned is a beneficial change because it must be emphasised that sulphur is an unwanted element in biomass intended for thermal combustion, as it contributes to the corrosion of equipment and the fouling of boiler surfaces Obernberger et al., 2006) . SRWCs can contain ten times less sulphur when compared to other sources of biomass and even up to twenty times less than bituminous coal (Cuiping et al., 2004) . This obviously makes SRWCsourced biomass advantageous because a high S content in a fuel contributes to air pollution with SO x (Obernberger and Thek, 2004) . As far as nitrogen is concerned, significantly lower values were found in biomass in the four-year harvest cycle in all of the species (Table 6) . As with the S content, the black locust biomass contained the highest content of this element -over twice as much as poplar and willow biomass. The significantly highest N content in this species was found in the biomass on the plot with mineral fertilisation (1.321% d.m.). The N content increased in all of the plots where the soils were enriched, except on the plot where lignin was applied (0.956% d.m.). However, the N content was the highest (0.653% d.m.) in the poplar biomass on the plot with this soil enrichment option. The lowest N content in this species in both rotation cycles was found in the biomass harvested on plots with mycorrhizal inoculation, but the nitrogen content was higher in the biomass from the other plots compared to the control. On the other hand, the N content in the willow biomass was lower or was in the same homogeneous group as the biomass from the control plots (Table 6 ). The lowest nitrogen content was found in the biomass from the plot with mineral fertilisation in the three-year cycle and with mycorrhizal inoculation in the Bold indicate significant coefficients, significant at p<0.05. four-year harvest cycle (0.385 and 0.333% d.m., respectively). Differences in the N content in the black locust, poplar and willow on plots where soil enrichment was applied were -6.9 to 18.3, -10 to 26.1, and -30 to 0.4%, respectively. Compared to the two-year harvest cycle, the N content in the black locust, poplar and willow biomass as found in this study was lower by 0.127-0.256, 0.03-0.13 and 0.045-0.097 p.p., respectively (Stolarski et al., 2013a) . Nitrogen in SRWCs intended for thermal combustion is as unwanted an element as sulphur. It contributes to NO x emissions, which is particularly significant when the N content in biomass exceeds 0.6% d.m. (Obernberger et al., 2006) . The results of the experiment in this study have shown that the poplar and willow biomass contains lower values andfrom this perspective -these are better fuels than the other source of biomass Lalak et al., 2016; Obernberger et al., 2006) and bituminous coal (Cuiping et al., 2004) . The principal component analysis identified three principal components: F1, F2, F3, which in total, explained 87.82% of the variability (Table 7 ). The first component was the most strongly linked with moisture content and LHV, followed by N, HHV and S. This component explained the highest proportion (over 46%) of the variation, and on the biplot diagram it separated black locust from the other two species (Fig. 1) . Black locust contained a moisture low content, which resulted in high LHV. Moreover, the biomass of this species contained the highest values of N and S. The other component, F2, separated poplar from willow on the basis of volatile substances, as well as fixed carbon and ash. Willow was characterised by high FC values, and, in consequence, a low VM content. Although HHV for poplar wood was the highest, its LHV was the lowest and the ash content was also the highest. The F2 principal component explained 28.13% of the variability. The third component F3 provided information about hydrogen content, which constituted over 13% of the variation. CONCLUSIONS 1. The differences in thermophysical parameters and elemental composition varied greatly from one species to another, and this was highly affected by different soil enrichment practices in both harvest cycles. However, it is difficult to tell whether the effect was positive or negative. It depends mainly on the branch of industry which uses the biomass, because different properties can be important for thermal combustion than in the production of liquid biofuels.
2. The black locust biomass was the most greatly varied in terms of its quality on the plots where soil enrichment was applied for volatile matter, fixed carbon, C, H and S content.
3. The greatest differences in the poplar biomass were shown for higher heating value and ash content. Furthermore, the willow biomass was more varied than other species in terms of the N content.
4. Although the results show significant changes in quality parameters of the species biomass on the plots where soil enrichment was applied, further studies in this regard are necessary to confirm the relationships in further harvest rotations.
